INTRODUCTION
Improving prosperity among the poorest people and curtailing widespread environmental degradation are arguably the greatest challenges of the 21st century. A large fraction of both the world's poorest and global biodiversity are found in countries that house significant areas of tropical forest, many of which are under heavy or growing pressure to deliver tangible economic benefits. Thus, decisions regarding the future of tropical forests are paramount in efforts to direct broader economic development along a path that can assist in nearterm poverty alleviation while maintaining longerterm social and environmental sustainability. In some instances, forest conversion may prove an effective route to stimulating economic development (Wunder 2001) , as in selected cases of oil palm, teak, or rubber plantations in southeast Asia or coffee plantations throughout Central America. In these cases, nonforest land uses have proven capable of leveraging forward momentum when decisions to alter the landscape were: (1) based on sound macroeconomic policies; (2) well managed; (3) delivering some, even modest, measure of equitability among direct stakeholders; and (4) following Hartwick's Rule (Hartwick 1977) , generating savings that were ultimately reinvested to diversify national economic sector strengths and grow new employment and income. In the majority of instances in which achieving these conditions has proven more challenging, retaining existing tropical forest cover is more likely to be optimal. Intact forests can provision crucial subsistence services such as fisheries support and cash-income to local communities (e.g., Chao and Prang 1997), timber and nontimber receipts to national governments (Kremen et al. 2000) , wage-earning opportunities, as well as more complex international public goods (IPGs) (Inge et al. 1999) , through their integral role in global processes such as carbon and freshwater cycling, and as the world's largest biodiversity stores. Prospects for alleviating poverty and maintaining environmental value can decline precipitously with broad-based deforestation when it does not leverage significant development in other economic sectors. Thus, choices based on an inadequate understanding of the factors catalyzing Ecology and Society 11(1): 37 http://www.ecologyandsociety.org/vol11/iss1/art37/ and sustaining long-term prosperity and their relationship with forests in these countries can lead to accrual of nontrivial costs at various social scales. Without reinvestment of proceeds from forestland use, the link between the generation of short-term economic benefits and development of longer-term sustainability is decoupled, spiraling forest-based economies through a never-ending sequence of "boom and bust" commodity cycling that brings little prosperity to the poorest, transferring any value of future use options to external accounts and diminishing forests' functional roles in maintaining positive IPG accounts (e.g., Bunker 1985 , Homma 1992 , Barham and Coomes 1996 , Bojanic 2001 , Hammond 2005c ).
Under pressure as both a source of economic wealth and contribution to national development, intact tropical forests have continued to decline in both distribution (Buschbacher 1986 , Achard et al. 2002 and contiguity Bierregaard 1997, Asner et al. 2005) , despite efforts to highlight the broad, and expanding, range of goods and services they offer (Barbier 1991) . The factors put forward to explain this persistent contraction and fragmentation are varied, numerous, and shifting (Lambin et al. 2001 , Rudel 2005 . Efforts to curtail the rapid pace of tropical deforestation have largely focused on protecting areas and searching for integrated approaches and practices that can make using resources nondepletive and more equitable. Choices regarding which path to take have not occurred without constructive debate regarding the feasibility of managing commercial use of forests on a sustainable basis (Dickinson et al. 1996 , Putz et al. 2001 , Rice et al. 2001 , Pearce et al. 2003 , Zarin et al. 2004 , or the role that traditional notions of protected areas can realistically play in delivering benefits and improving livelihoods (Sunderlin et al. 2005 ).
Proponents of sustainable forest management systems argue that intact forests can be managed in a way to ensure that exploited resources are replaced while retaining many other ancillary benefits that would be otherwise lost when forest cover is completely removed (de Graaf 1986 , Barreto et al. 1988 , Buschbacher 1990 , Dickinson et al. 1996 , Boltz et al. 2003 , Zarin et al. 2004 . At the core of these systems is a set of universal natural resource management principles that emphasize a careful balance between the extent and frequency of use and the rate of post-use recovery, i.e., growth into commercially harvestable size classes for offtake models (Freese 1998) . However, more than not, systems designed to deliver sustainability at industrial scales of production have either not been fully implemented and/or have proven to fall short of required growth and yield projections (de Graaf et al. 1999 ), a situation that has also proven true for many other biological off-take models (e.g., Natural Research Council 1996, Frank et al. 2005 ). This is not to say that these systems have not been well engineered or capable of improving short-term forest management. Rather, delivery systems focused on single goods or services appear increasingly incapable of reaching sustainability benchmarks because these have over time:
1. expanded to address the more complex interrelationships shaping the way that capital is formed, flows, and is distributed across various scales (Repetto and Gillis 1988 , Barbier et al. 1994 , Kremen et al. 2000 , Pearce and Pearce 2001 , Fig. 1 ).
2. proven to be subject to more complex variation in background conditions that can strongly affect yield projection, harvestable stocking rate, and conversion rate accuracies (Peña and Zuidema 1999 , Fang et al. 2001 , Graham et al. 2003 , Nemani et al. 2003 , Peres et al. 2003 . Variation in tropical forest productivity can be highly sensitive to overarching controls even in unmodified natural forest stands (Phillips et al. 1998 , Baker et al. 2003 , Graham et al. 2003 , Nemani et al. 2003 , and how these interact with the type and frequency of silvicultural interventions remains poorly integrated in traditional offtake models.
3. been based on management interventions, e. g., enrichment planting, post-harvest liberation, that have not always proven cost effective (s. l.) once implemented due to conditions presented in (1) and (2) (King 1965 , Chai and Udarbe 1977 , Hammond et al. 2000 .
4
. remained relatively insensitive to external conditions varying uncertainty and risk attached to different tropical forests areas. Uncertainty dampens investor confidence, limits planning horizons, and increases risk (Sharpe et al. 1998) . Insecure forestland tenure (Vincent and Gillis 1998, Godoy et al. 2001) , poorly-resolved usufruct rights, Fig. 1 . Schematic depicting basic interrelationships between physical, biological, social, economic, and cultural systems that operate to influence forest management at different scales. Arrowhead size indicates relative measure of influence on forests.
structured public subsidies (Repetto and Gillis 1988) , poor rent capture (Vincent 1990) , overlapping and incompatible forest resource use (Hammond 2005b) , changes in the opportunity costs of labor, and prohibitive discount rates can create conditions fostering short-term capital depletion and flight instead of the capital growth and maintenance needed to leverage opportunities for managing toward sustainability. Many benchmarks simply fail to adequately account for shortterm financial decision making commonly carried out in the face of changing commodity market prices. Under unfavorable market conditions, ancillary management costs are often the first to be cut.
Combined, these factor groups can conspire to limit the broad-based applicability of resource management frameworks. This is particularly the case when they are designed to support sustainability in industrial-scale use of natural forest wood and nonwood products. Levels of capital required to maintain a net positive benefit flow are considerably greater in industrial-scale management than those required in subsistence-based models, such as field-fallow or extractive reserve systems. In forestry, the inverse relationship between cost effectiveness of reduced-impact logging (RIL) measures and harvest intensity in Indonesian forests exemplifies the sensitivity of net benefit flows to factors shaping operational outcomes (Sist et al. 1998 ). The potential carbon offset benefits of using RIL to reduce canopy cover loss in these forests (Pinard and Putz 1993) and the contrasting need to increase canopy openness to generate carbon offset 
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Type, distribution, and grade of subsurface resources Miranda et al. 1998 , Peterson and Heemskerk 2001 , Hilson 2002 , Hammond 2005c Type, duration, and extent of forest-use history Dargavel et al. 1988 , Homma 1992 , Coomes 1995 , Barham and Coomes 1996 , van Gemerden et al. 2003 , Hammond 2005c Hydrological processes and water quality Degens 1982 , Milliman and Meade 1983 , Marengo 1995 , Aalto et al. 2003 Intrinsic
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Identifying factors prospectively limiting management performance can assist in better aligning benchmarks, prescriptions, and expected benefits. Background conditions, in particular, represent an important pool of these factors since they, unlike operational conditions, may not be addressed directly in frameworks or as easily through "adaptive" approaches, but can work both surreptitiously and assiduously against progress even when management frameworks are well implemented. The spread of fire as a function of the spatial distribution of forest land use activities and the downstream air quality impacts on urban centres during warm El Niño-Southern Oscillation (ENSO) phases in Amazonia and Indonesia (Kauffman and Uhl 1990 , Cochrane and Schulze 1999 , Murty et al. 2000 , Siegert et al. 2001 ) and arsenic poisoning of groundwater wells in Bangladesh and West Bengal, India (Nickson et al. 1998) provides lucid examples of the massive social and environmental costs that can accrue from a poor understanding of background conditions, how these vary, and the way that they can interact with resource management objectives to deliver unexpected consequences. Variation in background conditions can also influence capacities for uptake of management improvements. The selective capacity among developing countries in their uptake of green revolution technologies highlights how varying background conditions can lead to different outcomes, even when management systems and technologies are proven equally capable of delivering benefits (Barbier and Conway 1990).
Background conditions and forest management
Background conditions are often perceived as a pool of common knowledge and thus may not always be explicitly recognized in systems aiming to manage forests sustainably at different scales. They regulate at large scales the capital flows needed to maintain productivity in the system and thus can create drags on progress toward sustainable development goals when established benchmarks are misaligned with overarching controls. In the worst case, ensuing leakages fundamentally derail progress towards initial benchmarks as natural, human, financial, and social capital growth cannot be sustained, and investment in management necessarily declines. A number of key background conditions and the way that they might influence sustainable management system success are briefly described in Table 1 .
These can be categorized into two groups. The first group consists of "extrinsic" background conditions (Table 1) . Geological landforms, climate oscillators, characteristics of native plant and animal communities, and past human use patterns, among other factors, calibrate how tropical forests can be expected to respond to different management applications (Fig. 1 ). Since these conditions are not distributed uniformly throughout modern tropical forest regions, and we cannot actively manage the influence they have already imparted, we cannot expect standing forests to respond in the same way http://www.ecologyandsociety.org/vol11/iss1/art37/ to a standard set of forest use and conservation practices (Hammond 2005d , Primack and Corlett 2005 , Rudel 2005 ), even if these are generally adapted to tropical environments. These conditions "limit" the spatial applicability of management practices when benchmarks are held constant. Modern management prescriptions rarely account for these explicitly, choosing instead to focus on near-term actions that will lead to sustainability in the future. Extrinsic background conditions can consequently derail progress toward management benchmarks if initial prescriptions have not adequately accounted for their effects.
The second group consists of "intrinsic" background factors that can alter prospects for sustainable forest management, but are strongly linked to a broader set of interconnected compartments influencing sustainable human development (Fig. 1) . In effect, they "enable" frameworks to be implemented (Sheil et al. 2004 , Sunderlin et al. 2005 . Social conditions linked to education, health care, wealth distribution, political stability, skilled-worker migration (Özden and Schiff 2006) , formal and informal private economic sector strength, cultural and social customs, and legal system functioning, among others, weigh heavily on prospects for success in implementing complex sustainable forest management systems. The choice of business models to be used, e.g., product quantity vs. quality, (Hammond 2005b ; D. S. Hammond, personal observation), how forests are stewarded, e.g., public vs. private ownership (Repetto and Gillis 1988) , and other microeconomic factors also interact to shape how sustainability might best be achieved, as do the distribution and magnitude of competing forestland uses such as mining, and the factors that propel each of these relative to other options (Hammond 2005b) . Tropical forest countries are not challenged to the same degree by these conditions nor are they uniform in their capacity to overcome these challenges. Management models often do not consider the limiting effects, and added costs, that intrinsic background conditions can play on the realistic prospects for implementing sustainable management strategies and practices, such as RIL, outside the research plot environment (Hammond et al. 2000) . Even the long-term implementation of highly controlled demonstrations can fall short when intrinsic background conditions such as political or economic crises, e.g., rebellion in Suriname, (de Graaf 1986), or a change in public sentiment, e.g., protection vs. use of Australia's rainforests, or market demand, e.g. through substitution, specifically alter much broader assumptions adopted during framework development.
These questions, thus, ask whether a focus on similarities or differences is most important in assessing how best to manage toward sustainable use over any particular forest area and whether a bottom-up or top-down approach to defining sustainability is most appropriate. If geographic differences in background conditions are considerable, then the risk of applying a more generic framework may be greater than anticipated. Conversely, if conditions prove more uniform, then local tailoring could be overconservative, quelling capital inflows by overcomplicating prescriptions aimed at addressing background conditions.
A number of background conditions could classify as good stratifying factors (see Table 1 ), but geology is of particular interest to us because the spatial distribution of underlying cratonic features and its influence on forest ecosystems remains largely beyond human control. As a major extrinsic background condition it can shape the relative impact of both spiking, i.e., high amplitude, short wavelength, smaller area, and swelling, i.e., lower amplitude, longer wavelength, larger area, catastrophes on management as well as shape spatial changes in biophysical, or landscape, legacy effects (Table 1) . Thus, they may inherently affect a cascade of biophysical and social linkages underpinning forest management applicability at a wide range of scales (Fig. 1 ).
Macrogeology as a background condition
Tropical closed forests on Precambrian terranes cover an estimated 5 X 10 6 km 2 in 28 countries (Hammond 2005a) and occupy large portions of the Amazon, Essequibo, Congo, Niger, Orinoco, and Volta Basins, as well as Madagascar, India, Sri Lanka, and the Seychelles (Fig. 2) . The relative rarity of tropical forests on Precambrian terranes in southeast Asia and throughout Oceania (but see Goodwin 1996 for minor exceptions) strongly contrasts with continental areas of South America, Africa, and India (Fig. 2, Table 1 ). Around 6 X 10 6 km 2 of tropical forest on Phanerozoic terranes can be found dispersed among 53 countries ( Table 2) . Seven of these countries have significant portions of their tropical forest on both Precambrian and Phanerozoic terranes (NFA = 25-75% in Table 2 ).
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Precambrian vs. Phanerozoic in the Neotropics
Across the Neotropics, the effect of this distinction resonates through edaphic, hydrological, biological, and social systems. A wide range of biogeochemical data generally supports a view that forests on Precambrian terranes are diverging from neighboring lowland Phanerozoic regions that are considerably younger and continue to receive external nutrient and moisture reservoirs through their linkages with tectonically-active highlands (Hammond 2005d,e) . In contrast, Precambrian shield regions lack the elevational gain necessary to generate significant snow and ice fields and the exposed mineral surfaces that act as important import sources for lowland environments.
Prehistoric and historic patterns of colonization and commercial forest use around the Guiana Shield also show a strong predilection towards build up along the Phanerozoic margins. This may be tied to the acute tropical acidity achieved in areas dominated by exposed Precambrian rock relative to comparable Phanerozoic regions, the need to maintain links with heightened aquatic productivity of larger rivers and coastlines and/or the difficulty of river-based access in comparison to waterways running through the deep sedimentary cover of the Amazon Trough and Sub-Andean Foredeep regions and along coastlines (Hammond 2005c ).
If these contrasting tropical environments are linked to their duration and type of weathering regimes, then biological indicators should conform to this distinction. Although evidence is far from conclusive, some plant attributes such as wood density (Whitmore and da Silva 1990 , ter Steege and Hammond 2001 , Verburg et al. 2003 ), seed size (Hammond and Brown 1995 , Boot 1996 , and photosynthetic compensation (Pons et al. 2005) generally indicate that forests on the Guiana Shield favor plant taxa contrasting in their physiological and morphological adaptations with those on other Phanerozoic terranes. Whether this reflects adaptive radiation effects related to the much longer existence of Precambrian terrestrial environments (Ek 1997 , Chanderballi et al. 2001 or response to selective pressures driven by the dynamism attached to underlying geological age and/or climatological variation remains unclear.
Regardless, landscape-scale differences in the way forests accumulate taxa and biomass in the tropics and how these maintain their populations is critical to the long-term sustainability of forest use in these regions. Plant attributes directly interact with practices through efforts to manage growth, i.e. physiological responses, recruitment, i.e., fecundity, dispersal, and juvenile survivorship, and physical, morphological and chemical properties, i.e., density, shape, form, among others. In turn, these reflect long-standing selective pressures that may not be consonant with the economic objectives of management models profitably applied elsewhere. This is a nontrivial consideration in viewing sustainable development options, since the role that forests play in delivering benefits rest first with their basic ability to provision biogeochemical resources and then with how these are most effectively managed by society.
METHODS
To examine this potential effect, the global tropical forest estate was first defined using tables and appendices drawn from FAO's Global Forest Resources Assessment (FAO 2004) and spatially characterized using an annealed coverage derived from tropical moist, wet, rain, and montane ecoregions forming part of WWF's terrestrial ecoregion analyses (Olson et al. 2001 ). These are collectively referred to here as tropical closed broadleaved forests. A pantropical geological coverage was developed by categorizing underlying macrostructures as Precambrian (> 550 my BP) or Phanerozoic (< 550 my BP) regions based on USGS's WPA coverage (Osmonson et al. 2000) . It is important to note that near-surface subsoil ages of Phanerozoic coverage beneath tropical forest areas is relatively deficient through the Paleozoic (550-220 my BP) and Mesozoic (220-70 my BP) with most modern province features thought to be related to diastrophic and sedimentary processes in the Cenozoic (< 70 my BP). See Hammond (2005a) for further details of coverage development and calculations.
To explore the broad socioeconomic implications of living and working with tropical forests on contrasting geological terrines, we extracted, when available, a cross-section of data from the World Bank (2004), FAO (2003 FAO ( , 2004 , USGS (2004) , and the Comisión Económica para Americana Latina (CEPAL) for the 70 countries identified above as having closed tropical broadleaved forest cover. These data covered a wide range of forest area, http://www.ecologyandsociety.org/vol11/iss1/art37/ population, production, e.g., sawn and plywood, oil, and gold, health, e.g., infant mortality, life expectancy, access to improved water, macroeconomic, e.g., gross national income (GNI) per capita, foreign debt, foreign investment, and microeconomic, i.e., energy use per capita, statistics that were used to explore whether background conditions linked to the PH/PC dichotomy cut across different components normally attached to broad measures of sustainability. Figures for countries with significant forest areas on both terranes (see Table  2 ) were allocated based on spatially refined national statistical data or spatial coverage that allowed credible distinctions to be made, e.g., for Brazil through the Instituto Brasileiro de Geografia e Estatística (IBGE 2004) . Individual countries were adopted as sampling points since policies and practices are more likely to be adopted uniformly at the national level than any other scale, particularly when the lion's share of forest area is publicly owned. Australia was excluded from the dataset used here, since socioeconomic attributes identified it as a strong statistical outlier in relation to other countries with tropical forest.
Pantropical and continental scales
At the pantropical scale, we examined differences in development and forest-sector indicator averages for PH and PC countries using general linear models (GLM) (Systat 1998) . Dependent variable datasets were transformed using the Box-Cox approach when not meeting assumptions required for parametric analysis (Kirby 1993) . To examine whether any statistically significant differences were leveraged by disproportionate regional effects, we applied GLMs in a stepwise fashion using geology (two levels, PC vs. PH) and then region (four levels, South/Central America and Caribbean, Africa, South and Southeast Asia, Oceania) to explore how much of variation explained by geology could be accountable to region. We also removed small island states to compare their effect on averages and whether they contributed disproportionately to differences since all islands except the Seychelles are of Phanerozoic age and may constitute a separate population from continent-based countries due to their insularity and the unique effect this condition may have on socioeconomic and biophysical change.
National scale: case of Brazil
At the national scale, we again examined differences as above but only for states containing tropical forest in Brazil. Brazil was selected due to its large forest area distributed across both PH and PC terranes and the unparalleled data available for many development and forest-sector indicators at state and substate, i.e., municipio spatial scales. Brazilian states and municipios were categorized based on overlap with tropical closed broadleaved forest and geological spatial coverage. Averages for the period 1999-2003 were calculated using the municipio as a sampling point. Exploring how geology figures in stratifying socioeconomic conditions is more difficult for tropical forest countries in Africa and Asia. Phanerozoic terranes dominate forested regions in most countries in Africa and virtually all in Asia (Fig. 2) . Where both PH and PC terranes exist within a country, e.g. Democratic Republic of Congo, adequately portioning values according to geological terrane is more difficult due to the lack, or availability, of the detailed data necessary to explore transitions across smaller spatial scales.
RESULTS

Geologic terrane as an extrinsic background condition
Of the 14 social and economic indicators analyzed for the basket of 70 tropical forest countries, most showed distinct differences when categorizing by the predominant underlying geological age (Fig. 3) . Gross National income for inhabitants of countries with tropical forest primarily atop Precambrian (PC) geology was on average nearly half the income generated by people living in countries with tropical forest on Phanerozoic (PH) terranes. The average forest area for each inhabitant of PH countries is, however, a mere 4% of the area found in PC countries for each inhabitant (Fig. 4) . This is related to both a larger average forest estate in PC vs. PH countries, i.e., 189,257 km 2 vs. 142,906 km 2 , and considerably lower population densities (Fig. 3) . Factors influencing population density are also, on average, influenced by the age of the geological terrane. Mortality among newborn children in PH countries is nearly half that of PC countries (Fig. 3) . People in PH countries also live on average nearly 10 yr longer than those in PC countries. However, population growth from 1999-2002 was slightly higher in PC than in PH countries.
Ecology and Society 11(1): 37 http://www.ecologyandsociety.org/vol11/iss1/art37/ Oil extraction, gold mining, timber production, and agriculture are the four major commodity-based uses of tropical forestlands. Of the first three, both oil and tropical roundwood production are noticeably lower on average for PC vs. PH countries. Conversely, gold production is somewhat higher on Precambrian terranes (Fig. 3) . At first glance, per capita energy used to drive industry and provide for residential living also appears lower in PC countries (Fig. 3) .
However, the role of geological terrane in explaining these differences could be confounded by other variables. PH terrane covers virtually all of the tropical forest area in Asia and Oceania, particularly when compared to the much greater area of forest atop PC terranes in South America and Africa (Fig. 3) . General linear models indicate that the role of geographic region can be equally or more important in explaining differences attached initially to geology (Table 3 ). This would not preclude a role of geology in driving social and environmental differences, but rather the geographic distribution of geology and its putative influences may define these at larger scales that cannot be easily separated to fit into testable models. Some specific variables such as per capita forest area and its correlate, population density, remained strongly attached to the distribution of PC and PH terrane even after considering geographic, i.e., continent effects (Table 3) . A significant role of geographic region in explaining variation in tropical roundwood, oil and gold production could not be found (Table 3) , although approximately 10% of variation could be significantly explained by association with tropical forest countries dominated by PH vs. PC terrane (Table 3) .
How robust is this coarse pantropical effect of geology when considering smaller scales? Taking the case of tropical roundwood, geology generally appears to discriminate production levels. Consistently higher production levels from PH terranes in comparison to PC areas appear across a wide range of spatial scales and despite shifting magnitudes of production when drilling down along a Neotropical pathway ( Figure 4A) . A similar trend is found for 2003 population densities (Fig. 4B) . This relationship begins to dissolve, however, when considering averages at the municipio-scale in two of the five Brazilian states containing tropical forest cover on both PC and PH terranes (Rondônia, Fig.  4B ).
DISCUSSION
Changes in background conditions, whether biophysical or socioeconomic, have often been stated as the leading cause of forest management failure (Chauvin 1976, Dawkins and Philip 1998) . Understanding how these conditions vary provides a more dynamic, and robust, basis on which to assess what is necessary to both appraise and work towards sustainable use. In other words, characterizing these conditions can assist in establishing how risk, and thus anticipated return on investment, is likely to influence the outcomes of proposed forest management systems. In a competitive investment environment in which both public and private-sector capital can be scarce, yet remains imperative to development, characterizing the interplay between uncertainty and forest management is crucial if sustainability is to prove a realistic goal.
Land use assessment (LUA) is arguably the most prominent of the traditional tools used in determining how best to allocate forest area toward different land use objectives, including protection. This is often seen as an antecedent to planning methods generally tailored around the management of wood growth and extraction in timber production areas. In general LUA attempts to partition continuous changes in standing forestland resources based on a set of landscape characteristics (Carpenter 1981) . Its heavy weighting on the state of the biophysical landscape at time of assessment, however, does not adequately address a number of other requirements that are now considered crucial to achieving broad sustainability, including:
1. the spatial variation in other key capital components of sustainability such as social, economic, human, i.e., labor, and political pools;
2. the variation in intrinsic, or enabling, background conditions that ultimately filter management success from failure;
3. a more dynamic categorization of spatial variation based on classifying background conditions by measures of dispersion, e.g. interannual variation in seasonal rainfall, rather than central tendency, e.g., average annual temperature and rainfall, slope, soil fertility. LUA fractionated forests into static suitability and capability classes based on Ecology and Society 11(1): 37 http://www.ecologyandsociety.org/vol11/iss1/art37/ average or cumulative counts, e.g., Holdridge life zones, land systems, rather than how these varied with time or with change in spatial scales; and 4. processes that create goods and services that are consumed in ways not typically valued through traditional management approaches, such as global or international public goods.
Whereas LUA techniques helped to organize coherent approaches to tropical forest use and form an important first-step in discriminating grossly incompatible land use activities, one might suggest that volatility in background conditions is a better indicator of the constraints that will challenge sustainability. Volatility in extrinsic and intrinsic background conditions reflects underlying forces that combine to shape forest change. Examining how volatility in background conditions varies spatially might fulfill the same purpose as LUA, i. e., zoning allowable or optimal forestland use, but better account for processes driving forest change rather than describing standing conditions of forests at the time of sampling. This would provide a much better basis for assessing the risk-reward relationship that should be attached to adoption of most sustainable management systems that lack empirical verification of their long-term suitability.
Tailoring management: case of geology
The distinctions drawn here between tropical forest areas on Precambrian and Phanerozoic terranes illustrate how certain attributes that vary spatially, can condition the risk-reward attached to management system selection. The wide PC-PH gap in forest area available per inhabitant, population density, and major commodity production levels appears to supercede geographic effects posed by sectioning the global estate into four regions. Other socioeconomic factors such as GNI per capita, life expectancy, infant mortality, and primary school enrollment could be linked to geology, but the segregation of terranes at the regional scale may explain most of the resulting variation.
At first glance, a relationship between geology and socioeconomic indicators across a wide range of countries with tropical forest cover would seem counter-intuitive, if not spurious. However, there are fundamental distinctions between these terranes that might provide a plausible explanation for their broad-based segregating role as an extrinsic background condition. In the Neotropics, tropical forests ecosystems on Precambrian terranes are more acidic and less productive. Shield regions are isolated from the young, mechanically erosive surfaces of the regional mountain systems. With little atmospheric deposition, they represent highly closed nutrient systems and show some of the lowest standing nutrient levels in the region (Hammond 2005d) . In contrast, hydrological connections with upland weathering surfaces buffer acidity and provide external nutrient transfers across many Phanerozoic regions (Hammond 2005e) . Compounding this fact is the substantively greater period that most Precambrian surfaces have been subject to mechanical and chemical weathering in relation to much younger Phanerozoic surfaces across the Neotropics. These have strongly influenced the vertical and horizontal distribution of mineral resources, the global macroeconomic conditions needed for their profitable extraction, the type of extraction systems required and the breadth and duration of landscape impacts. There is some evidence to suggest that varying mineral exportation and deforestation rates are linked Wunder 2000, Wunder and Sunderlin 2004) , but more work is needed to identify whether trends such as those described for mineral production would hold up across a wider range of PC-PH comparisons.
Extraction of standing wood resources also appears more limited in many forests atop Precambrian terranes. Some of the lowest values for standing biomass and tree species diversity are recorded from tropical forests on Precambrian terranes, even across similar rainfall regimes. A similar result appears true for aquatic productivity in rivers coursing these geologic regions. If these distinctly different geological life histories have influenced the course and content of biological adaptation, then we can expect that these divergent landscapes would logically yield different forest livelihood opportunities and constraints. Thus, it is probably not coincidental that both archaeological and ethnohistoric evidence currently points to more sophisticated societies accumulating along Phanerozoic margins of the Guiana Shield where opportunities for sustaining livelihoods have been more numerous and not fully dependent on the relatively modest productivity of interior forests (Hammond 2005c) . http://www.ecologyandsociety.org/vol11/iss1/art37/
Conditional cross currents
Although geology appears capable of defining natural limits to the type and trajectory of challenges that forest management approaches need to consider, it remains only one of many background conditions capable of weighting prospects for sustainability (see Table 1 for examples). Other factors clearly play an important role in driving many of the social conditions, e.g., health and education, which ultimately support or erode efforts to sustainably manage tropical forests, although this may not be strictly apparent at the forest management unit level. Two brief examples help to illustrate these effects and how they can interact to create contingencies to management system success.
Rapidly developing, or spiking catastrophes (Table  1 ) and a region's susceptibility to these can create conditions that alter public priorities and reshape perceptions about how best to manage forests over the long-term and what benefits to target, e.g., coastal protection against hurricanes/tsunamis vs. timber production. These cross-current effects can also be seen through spatial variation in ENSO precipitation anomalies, where eastern equatorial rims of Asia (Rasmusson and Wallace 1983) , Africa (Anyamba et al. 2002) , and South America (Enfield 1996) are susceptible to strong El Niño-induced drought events that are weak or absent from West Africa or western Amazonia (Ropelewski and Halpert 1987 , Philander 1990 , Dai and Wigley 2000 . Drought not only intersects with management practices such as road design, ignition sources, logging intensity, and fuel loading (Siegert et al. 2001 ), but also through constraining impacts such as disease transmission (Gagnon et al. 2001 , Gagnon et al. 2002 , that inflate public health costs, limit skilled labor availability, and foster chronic poverty in rural environments. Forest of Central America, the Caribbean (Wadsworth 1959) , the Solomon Islands (Whitmore 1974) and North Queensland, Australia (Webb 1958) are, among other areas, subject to hurricane or cyclone impacts, but South American and West African forests are virtually immune from such catastrophic events (Hammond 2005e) . Geographic compartmentalization of catastrophic climatic impacts intersects with landscape legacy effects (see Table 1 ) that have formed through geologic, paleoclimatic, and human-use histories. Other social and economic background conditions, although more malleable, can amplify or modulate impacts of these events.
Prospects for sustainability would be limited in areas in which both current intrinsic and extrinsic background conditions work against longer-term continuity in management delivery.
CONCLUSION
Intersecting different background conditions for any given forest area would create profiles depicting varying factors imposing risks upon prospects for achieving sustainability under an adopted management scenario. Mapping how these vary spatially might identify geographic risk topologies that are not currently addressed in processes undertaken to identify the best approach to forest management. Although we have only briefly explored a subset of these effects, and analyzed the spatial discriminatory power of only one, albeit important, condition, multidisciplinary evidence indicates that background conditions at any given time should vary with the geographic change in the biophysical and socioeconomic drivers that deliver these conditions. Identifying relatively rapid changes, or inflections, in background conditions might be useful in identifying appropriate scales for tailoring sustainable forest management and which components of forest management are robust or highly sensitive to these changes. Assessing how these conditions are interlinked through cause-andeffect and/or collinear relationships should help in identifying factors that weigh the most heavily in answering how policies and practices should change with spatial scale to provide the best opportunities for reaching sustainability benchmarks. In some instances, risk profiles may indicate that a form of " quasi-sustainability" might be better suited to deliver some key precursor benefits to some user groups, with management systems reflecting these less grandiose benchmarks. Other areas with lower risk profiles may be better suited to more rigorously tailored management systems. In this way, relative management achievements can be weighted by conditions outside the remit of forest managers.
By spatially discriminating the relative importance of conditions across tropical forestlands, more robust management frameworks can be tailored to better overcome misaligned policy-making and implementation bottlenecks and deliver benefits. A constructive approach for integrating these effects into decision-making processes may best be delivered by:
1. identifying a core basket of the most influential and independent extrinsic and intrinsic background conditions, 2. constructing spatial coverage of background conditions as factors imparting risk to successful implementation, 3. resolving probability maps outlining the spatial variation in likelihood of achieving sustainable management benchmarks for different forest use opportunities based on (1) and (2), and 4. developing optimal forest land use pathways and objectives after being conditioned upon background conditions.
Overcoming these barriers is crucial in achieving progress toward sustainable forest management and making forest resources work optimally toward alleviating poverty, leveraging local and national socioeconomic development, yet avoiding longterm degradation of important forest-based goods and services. 
